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1. Introduction
In last meeting, the options of make before break handover solution were categorized [1] and after down selection based on the categories, only Option 1 and Option 4 were valid [2]. 
Following are the related agreements in last meeting. 

	=>
The candidate options mentioned in the email discussion are categorized as follows:


Category A (No simultaneous Rx/Tx from another intra-frequency cell): Option 2b/4b/6(Case 0)


Category B (No simultaneous Tx but need simultaneous Rx of PSS/SSS/CRS from another intra-frequency cell): Option 1/2a/4a/Option 6(Case 1)


Category C (Simultaneous Tx of PRACH to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell): Option 2c/6(Case 2)


Category D (Simultaneous Tx of PRACH/PUSCH/PUCCH/SRS to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell): Option 3/5/7/8/6(case 3)

	=>
CAT D solutions have security key problem.
=>
RAN2 will choose at most one solution from the solution group 2 to be further considered in the Work Item

	=>
Remove options of CAT C and D from the candidate options of solution 2 family.

=>
Remove option 2a and 2b in R2-163863 from the candidate options of solution 2 family

=>
Remove option 6 in R2-163863 from the candidate options of solution 2 family.


In this contribution, we give our understanding on two Options. 
For inter-eNB HO case, since the procedure and latency/interruption time analysis involved both Uu interface and network interface, in order to make RAN2 discussion easily and not impact by the different data forwarding scheme discussed in RAN3, in this contribution we are only focus on intra-eNB case. 
2. Discussion
2.1. Candidate Options
Following briefly gives the characteristics of Option 1 and Option 4. And Figure-1 gives the intra-eNB HO procedure for both Option 1 and Option 4. 
· Option 1
The characteristics of Option 1 include:

1> UE support simultaneous DL Sync detection in target cell and DL/UL data transmission in source eNB.

2> Upon UE sync to the Target cell in DL, 

a) UE only stays on Target cell;
b) UE perform RA procedure. 

· Option 4

The characteristics of Option 4 include:

1> UE support simultaneous DL Sync detection in target cell and DL/UL data transmission in source eNB;
2> Upon UE sync to the Target cell in DL,
a) UE only stay on Target cell;
b) UE skip RA procedure, directly perform UL transmission according to the pre-configure UL grant. 
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Figure-1
HO procedure for Option 1 and Option 4
Based on Figure-1, it can be seen that the different from Option 1 and Option 4 is only the existence of Phase III, i.e. RA procedure, which is dependent on the RACH-less handover discussion. 
Observation 1: Option 4 can be regarded as the combination of Option 1 and RACH-less handover. 

2.2. Comparison 
Based on the characteristics of two Options above, comparisons are given in Table-1. 
Table-1 Comparisons between Option 1 and Option 4

	
	Option 1
	Option 4

	Interruption time
	4.5ms/8.5ms
Note: RA latency (calculated based on Annex, step 9.3/9.4/10)
	0ms

	UE simultaneous Rx capability
	Data receiving (source cell) + DL sync (target cell)
	Data receiving (source cell) + DL sync (target cell)

	Applicable Scenarios
	No restriction
	RACH-less handover applicable scenarios [2], e.g. intra-eNB HO, HO to small cell…


Based on Table-1, it can be seen that 
For Option 4, it can provide better performance than Option 1 due to 0m interruption time, which is also the requirement of HO interruption time in 5G, i.e. 0ms. But there is some restriction on the applicable scenarios.
For Option 1, for handover performance, although it is not as good as Option 4, it is much better than legacy HO (i.e. 45.5ms interruption time). In addition, it can be applicable on all HO scenarios without restriction. 
Considering the Option 4 can bring best HO performance in some scenarios and Option 1 can bring better HO performance in other scenarios compared with legacy HO, due to the procedure except the RACH-less part (which will be specified in RACH-less HO solution part) are same, we can support both Options in make before break HO solution. 
Proposal: Support Option 1 and Option 4 in the WI of mobility enhancement. 
3. Conclusion

According to the analysis in section 2, we propose:
Proposal: Support Option 1 and Option 4 in the WI of mobility enhancement. 
4. Reference

[1] TR 36.881 “Study on latency reduction techniques for LTE”
[2] R2-165181
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5. Annex (From TR 36.881)
5.2.2
Handover latency [11]
As another example, based on discussion in Section 5.1.2, a simple assessment of sources of latency during handover execution is presented in Table 5.2.2-1. 

Table 5.2.2-1. Minimum/Typical radio access latency components (Rel. 8/Rel. 9) during handover

	Component/ Step
	Description
	Time (ms)

	7
	RRC Connection Reconfiguration Incl. mobilityControlInfo
	15

	8
	SN Status Transfer
	0

	9.1
	Target cell search
	0

	9.2
	UE processing time for RF/baseband re-tuning, security update
	20

	9.3
	Delay to acquire first available PRACH in target eNB
	0.5/2.5

	9.4
	PRACH preamble transmission
	1

	10
	UL Allocation + TA for UE
	3/5

	11
	UE sends RRC Connection Reconfiguration Complete
	6

	
	Minimum/Typical Total delay [ms] 
	45.5/49.5


It should be noted that above values assume successful transmission at first attempt. This may not always be true especially for handover scenarios where channel quality may be degraded. The actual delay values can be higher if some steps require retransmissions.
Based on above discussion, we see that total latency during HO process consists of various elements, as depicted in Figure 5.2.2-1. Service interruption time in handover can be defined as the duration between the time when UE stops transmission/reception with the source eNB and the time when target eNB resumes transmission/reception with the UE. 
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Figure 5.2.2-1: Service interruption time in handover

Broadly, the various delay components fall into one of the following three categories:

-
RRC procedure delay, including RRC signalling processing (step 7)

-
UE processing time, including delay for RF/baseband retuning, derive target eNB specific keys, configure security algorithm to be used in target cell (step 9.2)

-
RACH procedure and RRCConnectionReconfigurationComplete, including delay to acquire first RACH occasion in the target cell (steps 9.3 to 11)
Among these, the following steps contribute to a major portion of total delay and can be addressed for possible latency reduction:

-
RACH procedure including delay to acquire first available PRACH in target cell, PRACH preamble transmission and UL allocation + TA (steps 9.3, 9.4, 10),
-
UE processing time after RA procedure including decoding of scheduling grant and timing alignment + L1 encoding of UL data, and transmission of RRCConnectionReconfigurationComplete (step 11).
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